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ABSTRACT 
 
With the projected increase in older adults, the older driver population is estimated to be the fastest 
growing cohort of drivers among many developed countries. The increased physical fragility 
associated with the aging process make older adults who drive private automobiles a vulnerable road 
user group. Much of the current research on older drivers’ behaviours and practices rely on self-report 
data. This paper explores the utility of in-vehicle devices (Global Positioning Systems and recording 
accelerometers) in assessing older drivers’ habitual driving behaviours. Seventy-eight older drivers 
(above 65 years of age), from the Australian Capital Territory, Australia, participated in the current 
study. The driving behaviours and practices of these participants were prospectively assessed over a 
two-week period.  The use of combined GPS and recording accelerometers to improve understanding 
ofolder drivers’ driving behaviours show promise within the current study. The challenges of using 
multiple in-vehicle devices in assessing driving beahaviours and performances within this cohort will 
be discussed. Based on the current findings, recommendations for future research regarding the use of 
in-vehicle devices among the older driver cohort are proposed.  
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1. INTRODUCTION  
Globally, the world population is rapidly ageing. By 2050, the number of people aged 60 and over is 
expected to double to 22%, increasing from 605 million to 2 billion, over the same period  (OECD, 
2012). As an illustration, China’s population structure is projected to undergo unprecedented 
transition, with approximately one quarter of the Chinese population aged 65 years or over by 2035 
(Chen & Liu, 2009).  
The normal ageing process can be accompanied with increased functional declines and physical 
fragility. These age-related changes make older adults who drive private automobiles a vulnerable 
road user group. While research on older adults’ driving behaviours has increased over the recent 
years, much of the existing literature has relied on self-report information alone (e.g. Adler et al., 
2005; Baldock et al., 2006; Freeman et al., 2006; Owsley, Stalvey, Wells & Sloane, 1999; Ross et al., 
2009). While the validity of self-report data has not been extensively examined, potential responding 
biases may present major limitations to the current understanding of older adults’ driving behaviours.  
Besides driving behaviours and practices, research on older adults’ driving abilities has also received 
much empirical attention. Existing studies typically determine older adults’ capacity to drive through 
assessing their performances on indirect proxy tasks such as cognitive and/or visual tests or simulated 
driving tasks, or their on-road driving performance on a pre-determined route. The increased 
artificiality of laboratory based assessment methods may influence older adults’ performance 
outcomes, and may also be a factor in observed performance. More importantly, these assessment 
methods do not take into account individual behaviours, such as the effects of reduced driving 
exposure under specific driving situations. Indeed, due to a combination of lifestyle changes and 
voluntary self-regulation of driving, previous studies commonly reported older adults drive less under 
potentially hazardous road conditions, such as night time, and on high traffic roads (e.g. Baldock et 
al., 2006; Charlton et al., 2006; Sullivan et al., 2011; Wong, Smith & Sullivan, 2012). As an 
illustration, impaired night vision might decrease the driving capacity, and increase the crash risk, of 
nighttime driving. However, avoiding driving during nighttime could potentially mitigate such an 
increase in crash risk. Thus, the actual driving behaviours and practices of older adults need to be 
considered when investigating older driver safety. 
Advances in Global Position Systems (GPS) and accelerometry technology allow examination of 
older adults’ driving behaviours in naturalistic settings. By instrumenting older adults’ own vehicles, 
GPS and acelerometry provide the potential to monitor their driving behaviours under their normal 
driving condition. Using GPS, previous studies have reported discrepancies between self-reported and 
objective measures of driving exposure (Staplin et al., 2008; Stopher et al., 2007; Blanchard et al., 
2010). However, the use of kinematics measures, such as recording accelerometers, remains scant. 
The potential benefits of using accelerometry to measure driving performance of older adults has not 
been determined. There is a clear need to better understand the driving behaviours and performances 
of older adults, in their own driving environments.  
This exploratory study aimed to investigate the driving behaviours and performances of older adults 
in a naturalistic observational setting, and comparing these data to information derived by self-report 
information. The study was part of a larger research program focusing on: the underlying processes of 
self-regulation of older adults, and how such process of self-regulation predicts driving and mobility 
outcomes. The current discussion paper focus on the protocols developed to analyse the large volumes 
of data yielded by GPS and recording accelerometer units, as well as the challenges, and potential 
solutions around adopting these advanced technology in the older adults cohort.  
2. METHOD 
2.1  Participants 
Participants were a sample of 78 Australian drivers (44.9% male) aged 65 years or over (M = 72.36, 
SD = 5.53), recruited from the community in response to newspaper, magazine, and radio 
advertisements, fliers distributed via a range of organisations. Because equipment had to be fitted into 
participants’ own vehicles, all the participants were recruited within the Australian Capital Territory. 
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One	 hundred	 and	 fifty	 interested	 participants	 provided	 initial	 contact	 to	 the	 research	 team.	
Table	1	illustrates	the	reasons	for	non‐responses	provided	by	the	72	non‐participants.	 
Table 1: detailed the reasons for withdrawal provided by the 72 non-participants.  
Reasons  n (%) 
Change of mind (no further reason) 43 (59.7%) 
Concerns that information required was too sensitive 7 (12.5%) 
Could not attend testing session (could not re-schedule for another time) 8 (11.1%) 
Too far to travel to the university 5 (6.9%) 
Health issues (e.g. surgery) 5(6.9%) 
Provided incorrect contact information 2 (2.7%) 
Total 72 (100%) 
 
1.2. Materials 
1.2.1. Self-repot questionnaire 
Details of the self-report questionnaire used have been reported in detail elsewhere (see Wong, Smith 
& Sullivan, 2012). Briefly, details on participants’ socio-demographic information (e.g. age, gender, 
residential areas, employment, driving experience, and financial confidence), health and driving-
related information were recorded. Participants’ overall driving exposure was measured by asking 
them to estimate the average number of hours they drove per week over the previous year.  
2.2.2. GPS driving data 
Objective measures of driving exposure (driving duration and distance) were provided by mapping 
data extracted from small passive global positioning systems (GPS; ProTrackStick and Mini 
TrackStick, Telespatial Systems). The GPS trackstick is a small GPS location recorder, which uses 
the vehicle’s power source by plugging into the vehicle’s cigarette lighter. The GPS Trackstick allows 
continuously updated record of travel data, over 4 weeks at a 5 sec sampling rate, storing these data 
on-board before download.  
2.2.3.  Accelerometer 
Proxy measures of driving performances were provided by kinematics data extracted from MEMS 
(Micro-Electro Mechanical System) based Tri-axial recording accelerometers (GP1 recording 
accelerometers, SENSR Inc.). These devices can record vehicle acceleration and deceleration 
continuously for a period of up to a month, with a sampling rate of 100 samples per second. The 
reporting intervals of the accelerometers was set at 30s epoch for each of the three axes to ensure 
adequate battery lives for the duration of the experiment (i.e. 2 weeks).  
Consistent with the approach described by Classen et al. (2007), specific performance parameters 
extracted from the accelerometry data included lateral accelerations and decelerations (gravitational 
forces; g) and longitudinal accelerations and decelerations (g). Hard braking events were 
operationally defined by longitudinal deceleration that exceeded 0.45g. Abrupt braking events were 
defined as longitudinal accelerations between 0.35g to 0.45g. Abrupt turning events were defined as 
lateral decelerations above 0.4g. These parameters were extracted to demonstrate potential driving 
incidents based on the findings of previous kinematics studies (Cheng et al., 2011; Klauer et al., 2008; 
Nobuyaki et al., 2011, and Simons-Morton et al., 2011). 
2.3.  Procedure 
Ethical clearance for this project was provided through the institutional review board of Queensland 
University of Technology (HREC #100000460) and The University of Canberra Human Research 
Ethics Committee. Under the approved protocol, informed consent was collected through an informed 
consent form included with the self-report questionnaire.  
Potential participants were told that the research was interested in their opinions on the driving 
experience and transportation needs of older adults, and that they have to be aged 65 years or over and 
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current drivers to participate. Information about the study was disseminated through an informed 
consent package, which contained the Participant Information Sheet, Informed Consent Form, contact 
information of the research team, the self-report questionnaire and a replied paid envelope. 
Participants were encouraged to contact the research team to organize a time for the in-vehicle 
devices to be fitted into their vehicles. All the fitting sessions were conducted at The University of 
Canberra campus, Australian Capital Territory. The GPS and recording accelerometers were installed 
in each participant’s primary vehicle. As noted, GPS were powered via the accessory power port of 
participants’ vehicles. If the port was not available (broken, or required for participants’ own devices), 
an equivalent, pre-charged, USB module would be fitted into participant’s central console. Recording 
accelerometers were fitted onto the back of the vehicle’s backseat using magnetic mounts. This 
location was chosen to comply with the approved ethics protocol that all instruments had to be out of 
sight to reduce the likelihood of theft, and to reduce potential harm to the participants in the event of a 
crash. The fitting sessions also allowed the researcher to demonstrate an example of the data extracted 
from these devices to ensure participants understand their involvement of the study.  
Participants were then instructed to drive as they normally would for the following two weeks. At the 
completion of the two-week testing period, participants returned to the University of Canberra, 
equipment was removed from their vehicles, and they collected $50 (AUD) in return for participation.  
2.4.  GPS data processing 
Trip data including distance (km) and duration (mins) of each driving trip were downloaded from 
each unit to a personal computer, for visual inspection of signal dropouts and data recording errors.  
Data were then exported to SPSS v20 for statistical analyses.  
First the UTC (Coordinated Universal Time) date/time recorded was converted to the local time/date; 
adjustment for daylight saving was also undertake. The collection of data by GPS waypoints yielded 
very large volume of data. For instance, at 4s sampling rate, a 30 min driving trip would yield a 
minimum of 360 data points. Raw GPS data do not allow direct examination of driving behaviours. 
Thus, automated procedures were developed to convert it to readable trip-based information.  
An initial step in this procedure was to identify trip end points. Consistent with the trip identification 
algorithm used by Stopher et al. (2008), a trip was assumed if the elapsed time between two 
successive in-motion GPS waypoints was >120s (i.e. >2 min). This algorithm was used because most 
traffic signals in Australia have a red-light cycle of <1.5 minutes. Therefore, traffic light stops would 
not be considered as trip ends using this algorithm. Further, signalized turn across oncoming traffic 
(right turns, in Australia) typically are much less than 2 minutes.  
Visual inspection of the data and mapped tracks revealed that not all recorded tracks were valid 
driving trips. Trips that resulted in unrealistic information were typically due to equipment errors (e.g. 
signal dropouts, interference) (Duncan et al., 2007l Stpoher et al., 2008). As per Stopher et al. (2007), 
the following parameters were used to guide the data processing. Trip data was rejected if the trip: 
- Any trip where minimum to no movement was recorded (<0.25km driving distance, less than 
15m change in either latitude or longitude, or < 1min duration) 
- Any trip that have driving speed that were considered as suspect (>300km/hr) 
Using the above algorithm, a total of 89 trips (out of a total of 1043 trips) met criteria for exclusion, 
and were deleted from subsequent analysis.  
Finally, not all participants yielded usable GPS data. Of the 78 participants in this study, GPS data 
was not collected from 16 participants due to equipment failure. A further 18 participants yielded 
incomplete GPS data, and were conservatively removed from subsequent analyses (leaving 44 
participants with complete GPS data).  
2.5. Accelerometer data processing 
Longitudinal and lateral accelerations (including decelerations) were downloaded from each unit to a 
personal computer, using Sensware v1.2.0. Data were then exported from Sensware to SPSS v20 for 
statistical analysis.  
	 5
Similar to GPS devices, the recording accelerometers yielded very large volumes of data. As an 
example, at 30 sec epoch, each participant returned above 40,000 records of vehicle kinematics data 
for each of the three axes. Thus, automated procedures were developed to convert the data into 
driving performance information. As noted above, the following three measures were extracted from 
the vehicle kinematics data: 
- Harding braking = longitudinal deceleration that exceeded 0.45g 
- Abrupt braking = longitudinal deceleration between 0.34 to 0.45 g 
- Abrupt turning = lateral acceleration that exceeded 0.4g 
All vehicle kinematics data were inspected for validity. Some records demonstrated that an 
accelerometer was moved to a different orientation (e.g. accidentally moved by the participant) during 
the 2-week driving period. These invalid records were identified by either longitudinal or lateral axes 
showing above 1.5g or either one of three axes demonstrated negative g for significant periods of time 
(i.e. beyond normal vehicle performance). These records were removed from subsequent analyses.  
Finally, of the 79 participants in this study, 31 participants did not allow secure attachment of the 
accelerometers. A further 35 participants generated incomplete data. Eighteen of these 35 participants 
provided data for at least 7 days of driving (over half of the two-week testing period), and were 
included in subsequent analyses (leaving 30 participants with sufficient accelerometer data).  
3.1.  RESULTS 
3.1.1.  Participant characteristics 
All data analysis was conducted using IBM SPSS (v20). Table 2 below presents participants’ 
demographic information. The	 majority	 of	 participants	 resided	 in	 major	 cities,	 and	 were	
confident	 that	 their	 income	 would	 satisfy	 their	 current	 and	 future	 needs.	 Participants	 also	
generally	rated	 themselves	 to	be	“good”	drivers,	of	 “good”	health,	and	reported	relatively	 few	
medical	 conditions.	 Chi‐Square	 tests	 and	 independent‐sample	 t‐tests	 revealed	 no	 significant	
gender	differences	at	p<.05	on	these	variables.	 
Table 2: Participants' sample characteristics 
Sample characteristic N  = 78 
Age  (M/SD) 72.36 (5.53) 
Residential location (n /%)   
Major city 70 (89.7%) 
Inner Regional 8 (10.3%) 
Outer Regional  - - 
Remote - - 
Very remote - - 
Financial confidence (current) (M/SD) 3.82 (.72) 
Financial confidence (future) (M/SD) 3.88 (.85) 
Driving performance (M/SD) 3.83 (.67) 
Health rating (M/SD) 3.83 (.75) 
3.2.  Analyses for overall driving exposure data 
Participants were asked to nominate the number of hours they drove per week, over the last year. On 
average, participants reported driving 10.99 hours per week (SD = 17.8). This equates to 
approximately 1.57 hours each day. GPS driving exposure data demonstrate that participants, on 
averaged, spent 217.62 minutes (SD = 180.84) driving over the two week testing period. This equates 
to approximately 3.63 hours over the two-week period, or 0.52 hours per day. Bivariate correlation 
revealed no significant relationship of travel time obtained from questionnaire and GPS units, r = .23.  
Further, GPS data revealed participants took 24.48 trips (SD = 14.7, range = 4 to 66) over the two-
week period, approximating two trips per day. They travelled an average of 198.09 km (SD = 180.52, 
range = 37.47 to 981.50) over the two-week period.  
3.3.  Analyses for driving performance data 
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Over the 2-week period, participants recorded a total of 143 (M= 4.77, range= 2-8) abrupt braking 
events, 36 (M= 1.27, range= 0-3) hard braking events, and 60 (M= 2, range= 0-4) abrupt turning 
events. Participants’ self-report driving performance was not significantly correlated with the number 
of abrupt turning events (r = .13), hard braking events (r = .04) or abrupt turning events (r= .13). 
Table 3 demonstrate moderate to strong correlations between each measures of driving performance.  
Table 3: Bivariate correlations (Pearson’s r) between longitudinal and lateral accelerations 
Safe driving performance indicators 1. 2. 3. 
1. Abrupt braking: Longitudinal .35-.45g 1   
2. Hard braking: Longitudinal >.45g .79*** 1  
3. Abrupt turning: Lateral >.4g .46* .39* 1 
 
4.1.  DISCUSSION 
The present study aimed to explore the use of in-vehicle devices in a prospective naturalistic setting, 
investigating the driving behaviours and performances of older adults. The present study is the first to 
use recording accelerometers to examine the driving behaviours of older adults in a naturalistic 
driving study. Overall, the results indicate 1) a wide range of driving exposure among older adults and 
2) discrepancy between self-report and objectively measured driving exposure and performance.  
Compared to GPS measured driving parameters, on average, participants tend to overestimate their 
overall driving exposure. The discrepancy between self-reported and objectively measured driving 
exposure is consistent with that reported in previous studies (e.g. Blanchard et al., 2010, Molnar et al., 
2013, Huebner et al., 2006). This finding is pertinent to estimating the crash risk of older adult 
drivers. Specifically, many studies that investigate the crash risk of older adults rely upon self-
reported driving exposure (e.g. Hakamies-Blomqvist et al., 2002; Langford et al., 2006; and Alvarez 
& Fierro, 2008).  If self-report driving exposure is inaccurate, then the conclusions regarding the crash 
risk of older adults may need to be re-examined.  
The lack of correlation between self-reported and objectively measured driving performance 
(recording accelerometer) is consistent with previous studies using laboratory based driving 
performance measures, such as Hazard Perception Test (e.g. Sullivan et al., 2011). One potential 
explanation for the apparent mismatch between self-report and objectively measured driving 
performance is that participants’ perception of their driving performance may be based on factors 
other than vehicle dynamics. Previous studies indicated that psychosocial factors, such as driving 
confidence, might be key predictors of older adults’ perceived driving abilities. Further research is 
underway to identify the factors that underlie the driving practices and behaviours of older adults.  
Compared to previous naturalistic studies on other driver cohorts (e.g. Simons-Morton et al. 2008, 
Klauer et al., 2009), the current sample recorded relatively few acceleration related driving events. 
Nevertheless, the number of acceleration events recorded within this study was comparable to those 
identified in previous naturalistic driving studies, supporting the validity and reliability of kinematics 
data generated from recording accelerometers. The strong correlations between different measures of 
safe driving performance provide further evidence towards the reliability of this measure.  
A limitation of this study is the loss of data yielded from the in-vehicle devices. This methodological 
limitation resulted in a relatively small sample size when conservative exclusion criteria were applied. 
In regards to the GPS units, there was no screen display that could alert researchers to low remaining 
memory or battery capacity. Further, some vehicles’ designs prevented secure attachment of the 
accelerometers’’ magnetic mounts. The accelerometers could be dislodged if participants readjusted 
the backseats where the accelerometers were mounted. These equipment issues could be relatively 
easy to rectify through hard-wiring these instruments directly to the participants’ vehicles. However, 
due to the novel nature of this study, the current ethics protocol prevented this procedure from taking 
place. Further, it was anticipated that some participants (especially older adults who are less confident 
about their driving abilities) might not be comfortable with these instruments being directly connected 
to their vehicles. Newer models of GPS and accelerometers have longer battery and memory capacity, 
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some with display screens that alert users regarding its battery and memory levels. The use of 
accelerometers in naturalistic driving studies has also increased in recent years. Increased usage and 
exposure of these instruments may also improve the usability of these instruments, as well as 
streamlining protocols associated with conducting these types of studies.  
Another major limitation of this study is the potential sampling bias. The highly involved and 
complex nature of this study, and the requirement to travel to university, may have resulted in the 
sampling of more active drivers. Both self-report, and objectively measured driving exposure data 
demonstrated a wide range of driving behaviours and practices within the current sample. 
Nevertheless, the demographics information provided by the participants demonstrated that this 
sample to be relatively healthy, financially confident, and resided in areas within major cites. Indeed, 
about 7% of non-participants (who made initial contact with the research team) indicated that the need 
to travel to university prevented them from taking part. A further 11.1% of non-participants decided 
not to take part due to the testing sessions. Clearly, further refinement of the research protocol, such 
as posting equipment to participants and presenting installation instructions via other mediums, may 
assist in reducing the sampling bias.  
One of the main challenges faced by the research team was to communicate effectively with potential 
participants about the research aims and the privacy and anonymity of the extracted data. Besides 
change of mind (no further reason), sensitivity of data extracted was the most prominent reason 
provided by potential participants who decided not to take part. Some participants were concerned 
whether their involvement would result in any possible negative impact on licensure. Greater 
exposure of the use of in-vehicle devices in research settings may help to educate and ease the 
concerns of older adults regarding their participation. In our experience, more effective 
communication regarding the research aims, and the potential benefits provided by this study (e.g. 
informing infrastructural development to better suit their transportation needs), assisted in alleviating 
the participants’ concerns regarding the sensitivity and complex nature of the study. Further, 
anecdotal evidence provided by participants revealed that personable and timely communication 
increased their confidence in taking part.  
There are several implications from this study that relate to the safety and mobility of older vehicle 
users. An important finding is the discrepancy between self-report and objectively measured driving 
exposure. If self-report driving exposure is inaccurate, then measures of crash risk that are based on 
self-report driving exposure, and in particular, the investigation of low mileage bias, may need to be 
re-examined. Current understanding of the driving behaviours of older adults is mostly based upon 
self-report information. Further research is clearly needed to further examine the driving behaviours 
and practices of older adults, and whether existing knowledge regarding older driver behaviours could 
be applied to objectively measured behaviours.  
Compared to more traditional methods of measuring older adults’ driving performances, such as 
instructor ratings and simulated driving performance, naturalistic driving studies allow older adults to 
be in their natural driving environment, thereby eliminating any artificial influence that might be 
caused by laboratory based assessments. Another important implication of this study is the high 
convergent validity between kinematics driving performance measures. Together with the consistent 
acceleration-related events recorded compare to previous studies (Klauer et al., 2009; Simons-Morton 
et al., 2008), findings of the current study provide support for the use of the accelerometers in the 
older adult population. Further research using a normative approach in establishing ‘normal ‘ or ‘safe’ 
ranges of acceleration forces would assist in further contextualizing the kinematics data extracted, and 
advance the use of this technology in transportation research. 
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